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Viruses are finely tuned to 
perform their deadly job. Many
viruses are highly specific: they
infect only a particular animal or
plant, and may even only infect a
few types of cells within their
preferred hosts. However, viruses
occasionally cross the line, and
gain the ability to infect other
hosts. This is often termed viral
emergence, and has been sensa-
tionalized as a major threat to
global health in books such as
The Hot Zone. Fortunately, this
type of switching occurs only
rarely, but when it does, it can be
a disaster. For instance, several of
the largest historic pandemics of
influenza have been caused by
emergence of human viruses from
bird viruses. An even more recent
viral emergence has occurred in
the parvoviruses, where a cat
virus suddenly mutated and
caused a global pandemic 
disease in dogs. 
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Distemper
Feline panleukopenia virus, shown here on the
left from PDB entry 1fpv, is a tiny virus that
causes feline distemper. It often attacks kittens,
killing all of their white blood cells and also
attacking cells in the intestine. If untreated, the
disease is often fatal, either due to dehydration
or  secondary  bacterial  infection.  Fortunately,
an effective vaccine is available which largely
protects the domestic cat population from this
devastating disease.
Cats and Dogs
In the late 1970s, a pandemic swept the entire
globe,  infecting  dogs  with  a  similar  disease.
When researchers looked closer, they discov-
ered  a  small  virus,  shown  here  on  the  right
from PDB entry 2cas. It is nearly identical to
feline  panleukopenia  virus,  with  only  a  few
changes in amino acids, and was named canine
parvovirus. By careful study of dogs that had
died in the preceding years, researchers were
able to uncover the emergence and rapid evo-
lution of this canine virus from the feline virus.
It appears that a few small mutations suddenly
allowed the virus to attack dog cells, and then
the virus swept around the world, infecting dog
populations.
Changing Hosts
Two  mutations  on  the  surface  of  these  two
viruses, shown on the righ structure in blue
and  green,  determine  their  targets  for  infec-
tion.  Both  viruses  attach  to  the  transferrin
receptor on cell surfaces. This receptor normally
picks up transferrin, a protein involved in iron
transport, out of the blood and transports it
inside the cell. The virus catches a ride on this
receptor, using it to travel into the cell. The
receptors in cat cells and dog cells are slightly
different, and the two mutations on the viral
surfaces match these differences perfectly. To
explore a human parvovirus, continue to the
next  page.  tists  have  also  gotten  in  on  the
action, and they have done their own circular
permutations. 
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Topics for Further Exploration
1. Can you find other examples of parvoviruses
in the PDB? Are their structures similar to the
feline, canine and human viruses shown here?
2. The chains of parvoviruses capsid interlock
with one another. Is this true of the chains of
other virus capsids? What are some advantages
and disadvantages of interlocking chains?
Parvovirus capsids are compact, altogether just a
bit bigger than a ribosome (the term "parvum"
means "small" in Latin). They are composed of 60
copies of a capsid protein, surrounding a single
strand of DNA. The canine parvovirus structure
shown here, from PDB entry 4dpv, includes the
entire structure, including proteins and DNA. The
proteins are colored here in groups of five: five
proteins that associate around a five-fold axis are
colored  white,  five  more  are  colored  red,  etc.
Notice how the chains interlock, making a very
sturdy protein shell. 
A Human Parvovirus
Many other examples of parvoviruses have been
discovered,  including  several  that  infect  human
cells. The first human parvovirus that was discov-
ered is the B19 virus, shown here from PDB entry
1s58. It causes a childhood disease called "fifth dis-
ease," so called because it was the fifth disease that
was discovered that causes a similar rash. Infection
by B19 is widespread–by age 15 half of the popu-
lation is typically infected, and most people will be
infected sometime in their life. The symptoms are
usually mild, often just showing a reddening of the
skin, although it occasionally leads to more severe
complications such as arthritis, especially for infec-
tions later in life.  1s58